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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO, 775

AFWALYSIS OF WIND-TUNNEL DATA ON
DIREGTIONAL STABILITY AND CONTEOL

'By H. R. Pass
SUMMARY

Available wind~tunnel data on static directional sta-

bility and control have been collected and studied. Meth~

ods based on these studies are given for evaluating the
aerodynamic characteristics of vertical tail surfaces and
their contribution to static directional stability and
control. Special attention has been paid to the end-plate
effect of the horizontal tail on the vertical tail and to
the sidewash induced by the fuselage and the trailing vor-
tex system from the wing. Methods based.on limited data
for fuselages and hulls, wings, and fuselage-wing combina-
tions are also given for estimating the contribution of
the wing and the fuselage to directional stability.

This paper does not attempt to establish criterions
for dircctional stability and control; rather, the empha-
sis is placecd on providing some basis for dosign to spec-
ified criterions. 4n example applying the design methods
has been included, - '

INTRODUCTION

Ag a part of a general investigation directed toward
developing a rational system of.tail design, a study has
been made of available wind-tunnel data on directional
stability and control. The main emphasis has been placed
on a study of the aerodynamic characteristics of the ver-
tical tall surfaces and their contridbution to the static
stability and control characteristics of airplanes. Data
on the characteristics of vawed fuselages, hulig, wings,
wing-~fuselage comdinations, and wing-hull combinations
have also been collected. The purpose of this study has
been not to establish the stability and control criterions
for satisfactory flight handling characteristics but rath-
er to provide methods for design to specified criterions.
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Rudder~effectiveness data . werc available for 4 air-
plancs and 28 mocdels, including two 35-foot-span models
of nulticengine airplancs, The contribution of the verti-
cal tail %0 stability, that ig, yawing noments for both
tail-nttached and tail~removed conditions, was available
for eight of theso models, Yawing-moment data for fuse-
longes and hulls were available for 17 models. For 4 of
tho 17 models, yaw tests had also been nmade of the wing
alone and of the wing-fuselage combination.

The study of the forces on the vertical tail is on
axtension of the work of reforences 1 and 2, which concern
the horizontal tall, and consideradle use has Tteen mzde
of the methods that they prescnt. 4Analyses were thus 4i-
rected toward the debtermination of the characteristics of
the isoclotoed tail surface and the offective velocity and
the dircetion of the air flow at the tnail. Analyscs of
the yawing nonents of the wing-fuselage combinations were,
in geancral, much less satisfactory, owing to the inadequocy
of methods for evaluating cither the contridbution of the
fusclage and the wing or of the large wing-fuselage intver-
fercence effects. -

AIRFPLAEDS AND MODELS

Two-view drawings of the 4 sirplancs and the 28
nnéels are given in figure 1. Many diversec types are rep-
resented, most of them of reccont design. The geometric
choarncteristics are listed in tablie I.

Models 1 and 2 and girplanes 3 to 6 werec tested in
the HACA full-scale wind tunnel; nodels 7 to 10, in the
HACA 20~foct wind tunnel; models 11 to 16, in the FAGCA 7=
by 10=~foot wind tunnel; and models 16 to0 32, in the Wright
Field B5-~foot wind tunncl, :

AIRFOIL THEEORY APPLIED TO THE VERTICAL TAIL

Consideradble uncertainty attends the application of
the usual airfoil theoory to the design of vertical tails,
owing to their low aspect ratio,, the nccessarily arditrary

‘methods of defining the arca, and tho large aerodynamic
affeects of the fusclage and the horigontal tail. Further=
more, the air flow in the region of the verticnl tail may

-4
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be very irregular, particularly when the airplane is
vyawed, becauge of the low velocities in the wakes of the
wing and the fuselage ocnd the vorticity in the air flow
due to thec trailing-vortex system, These factors are sep-
arately discusscd with the purpose of developing consist-
ent moethods of taking them into consideration,

-Syﬁbols
A aspect ratio
b span
L fuselage leungth
1 distance from center of graviiy of model %o the

rudder hinge line.
S arca
fuselage-wing interference factor
v velocity |
a, cffective dynamic pressure at tail

a/q, ratio of effective dynamic pressure at tail to
free-stream dynamic pressure.

e density

dC,'/das, rudder effectiveness

| asy/ day

T relative rudder effectiveness

e mean chord
CN normal-force coefficient

C.' yawing-moment coefficient (wind axes)

effective thrust)

T thrust cocfficient
. p V2DR

S
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propcller diamector

anglo of attack, degrecs

angle of yaw,‘dégrees (wind axes)

local sidewash angle mcasurcd from the wind axis,
negative when it incrcascs the angle of attack

of the yawed vqrtical tail, degrces

deflection of movable surface, degrees

hinge-moment cocefficient

)

/ hinge momont
Q gSp Ty /

cross=wind force of fuseclage

L

/ CEN

cross-wind forece cocfificicent of fusclage K —r———

q vol

coefficients of Oy and &, in the kingo-

moment equation

Subscripts?

t

r

vorftical taill
rudder, cxcluding balance
balance

fusclage

Definitions of Geometric Charactoeristics

The usual vertical tail surfaces fall into five
folrly well-dofincd groups. A4n coxample of cach 1s shown
in figure 2, which also defines the span. Type I, corro-

o/
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sponding to the twin-tail construction, is most nearly a
normal alrfoil and its span and arceca are defined in the
usual manner, Type II is attached to a fuselage that
tapers to o point at the rear. The span and the area are
both measured to the horizontal tail, which assumes the
part of an end plate: .Types III and V are found on fu-
sclages that taper, not to a point, but to a verticel
knife edge at the rear.. The span is measurcd to the hori-
zontal tall, and the arcea is taoken os the sum of the fin
arca, measured to the horizontal %tail, and the total mov-
able arcae. For type IV with the horizonital taill mounted

~on tho vertical tail, the span is measurcd to the upper

surface or to the extended upper surface of the fuselage
and the arco is the sum of the fin area, measured to the
upper surface of the fuselage, and theo total movable arca.
These definitions may appear rather arbitrary and are
pcecrhaps no better than othors that could be chosen; yei
the results obtained with them were geoncrally consistent.

Aerodynamic Characteristics of the Isolated Verticcl Toil

Hormol-force charncteristics.- The slopec of the nor-
mal-force curve, dCNt/d@t; is primarily a function of as-

pect ratio. It must boe notcd, however, that the horizon-
tal toll acts as an end plate for the vertical tail, which
causes the effective aspect ratio of the vertical toil %o
excoed its gcomedric value. A theooreticzal analysis made
by members of the full-~scalo-tunncl staff has shown that
for the usual ratios of vertical-toil span to horizontal-
tail spon, the increasc ian aspect ratio will be about 55
percent. Tests of model 7 with two different horizontal
toils indicated that the span ratio is not o criticael facw
tor. In the abscnce of the horizontal tail, the fusclage
itsclf probably excrts a considecrable cnd-plate effocts.

‘Such an cffect is not readily calculable although some of

the tests indicated it to be quitc large.

The variation of 40y, /day with aspect ratio is
M

shown in the curve of figurec 3, vwhich summorizes the reo-
sults of reference 3 for aspect ratios smaller than 3 and
thosc of reforence 1 for aspect ratios larger than 3. The
curve represcents only oan average of exporimcntal rosults
and, under certain conditions, may be somewhat inaccurate,
For cxanple, the value of 'dCNt/daﬁ may be incrcasod 5

to 10 pereent by o sealed gap between the fin and the
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rudder (reference 4) or may be lowered an dqual amount
or more by & bad gap or by an irregular plarn Torm.

The value of the relative rudder effectiveness T
as a fuaction of the relative rudder arnd balance areas
is plotted in figure 4, which reproduces the curves of
figure 19 of refercnce 2., Eere again certain deviations
from the curves may be expected under various conditions,
for the rudder cffectivencss will also depond on the
spanwisc distribution of the rudder arca and on the na-
ture of the gap between the fin and the rudder (reforence
4), Sealing the gap may increase T by ac much as 15
percenta

Hinup-momont characteristics.~ The hinge-monent cocf~-
ficiont of a rudder may be expressed (referenco 5) as a
function of the normal-force cocfficicnt of the tail and
angle of rudder deflection

. = u Cyp + v&, (1)
h, ht T

The paramecters 1 and v may be conveniontly defined
from the cquation in the following forms

30y, aty,,. /acy,
v \Bow, ), T Fe) 4 (2)
80y, 00y, - 40y,  aCp aly,
v = |—e=] = - = -~ (3)

1w = uT
ar’ir G‘Tt dSr 6.5]:- d‘Sr do:.t

Hingo~momont data on isolated tail surfaces without
balance and with offset-hinge balonce were available in
refercnces 2, 4, and 6., From these data wvalues of u
and v, at small angles of attack and rudder deflections,
wero deltarmined. The results are summarized in figures
i and 6 wherein wu and v arc given as functions of
Sp/Sy and  Syp/Sp.

The hingec moments, for a given increasc in normal
force, may be apprcciably less than indicatcd oy theso
curves if the gap betwecen the fin and the rudder 1is
sealed, but may bec somowhat greatcr if tho ruddor nosc is
very blunt.

e
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Dynamic pressure at thz tail.- The lower part of the
single vortical tail is genocrally in a rcgion of diminished
dynamic prossurc causcd by the fuselage boundory layer and
perhaps also by the wake from the wing-fusceclage Jjunctures.
Pronounced downwash, such as will cxist when partial-span
flaps are doeflected may, however, lowar this wake and
change the average dynemic pressurc ovelr the tail.

Some surveys of the air flow slightly ahead of the
vertical tail of airplane 4 are shown in figure 7. The
boundary layer is seen to have & considerable thickness
and doubtless is even thicker farther back where it passes
around the base of the vertical tail. The average dynamic
pressure, as detormined from such surveys, is generally
slightly higher than the effective dynamic pressure acting
on the tall because of the influence of the adjacent un-
disturbed air stream, (Sce reference 2.) On the basis
of these surveys and the results of refercnce 2, the ef-
fective dynamic pressurc at a single vertical tail is
estimated to be, on the =verage, for propoller-removed
conditions, about 0,90 Qoe This factor may be low for a
flap~down condition or for some types of flying boats hav=-
ing hulls that curve upward toward the recar. A&t angles
of attack approaching the stall, the factor may decrcasc
owing to the effect of the thickened fuselage and the wing
wake {(reference 7).

Twin talls are somewhat more favorably located than
single tails as the wing and the nacelle wakes appear to
be less detrimental to the dynamic pressure at the tail
than the fuselage boundary layer. 4 value of q/q0 = 1..00
was used in calculating the rudder effectiveness for the
models with twin %tails (models 3, 8, 9, 12, and 13) and
gave good agrecment with the experimental values. This
factor should probably be rcduced if tho tails arc located
directly in the wake of large nacellos.

At high thrust coefficionts, as in take~off or climb,
the slipstream will appreciably increasec the average dye
namic pressure at the vertical tail. (Cf. fige 7.) In
this regord, the results of rofercuce 2 indicate that the
corresponding increcasc in rudder effectivencss dGn‘/dST
may be only half as much as would corrcspoad to the in-
creasc 1n average dynamic pressurc,

Dircction of air flow at the tail,~ The air velocity

"in the region of the vertical tail of a yawed airplane will,

in goncral, possess a sideward componcnt. A4ccordingly, the
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cffective angle o ¢l of the vertical toil will not
be ecqual to the angl f yaw, W, but will bo (' - ),
where o 1is the sidewash angles The sidowash angle,
which may bs quite large, is associated with the trailiag
vortex system behind yawed wings and wing-fuselage combl-
nations. An analysis of somc recent teste at the NACA

7- by 10-foot wind tunnel (reforences8 and 9) indicatcs
that the sidewash anglc probably consists of scveral com-
pononts, the tentative theory for which is given in the
following paragraphs. The order of prosontation corrc-
sponds %o the order of importance (as indicated by calecu~
lations).

A yowed fusclage (or airship) exporicnces & cross-—
wind force, agsociated vith which there is a vortex gys-
tem similer to that of an airfoil (refercnce 10). A fuse-
lage with a low wing is comparable, in this rospect, with
an alrfoil with an end plate, and the trailing vortox sys-—
tem for positive angle of yaw (nosc right) will be such
that:

1. The fuselage wakc and the air beside it flow to
the left (destabilizing sidewash, comparable
with the usual destabilizing downwash).

2. The alr above the fusclage wake flows to the right
(stabilizing sidewash).

3. The air below the interscection of the wing and
fuselnge wakes has practically no sidewash.

The vorticel tail surface will thus, for a low-wing cir-
plene, be malanly in the region of stabilizing sidewash,
For o high~wing airplane, howcever, the wveoerticel tail will
be partly in the region of destobilizing slidewash and

partly in the rogion of no sidcwash.

The vortices shed behind a lifting wing rotatu in
such a dircction that the air moves inboard abeve the wake
{(or the trailing vortex sheot) and outboord velow it. If
the trailing vortex shoei is assumed %o be unclitercd by
yawing the a2irplanc, the vertical tail of a yowed nirplonc
will be in an inword moving stream if it is above the woke
and in on outward moving stream if it is below the waxa.
The effeocet should incrcase with 1ift coofficicnt and dow-
crease with aspcet rotio, and it should be espcecially pro-
nounced for wings with partial-span flops deflcocted.
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For a wing with dihedral a change in lift at the
ccntdr .occurs when the wing is yawed. The vortex shed
from this point rotates in such o direction as %o in-
duco outflow above the wing wake and inflow Dbelow the
wing wake. Calculations indicate that this effect will
be relatively small,

From tho foregoing discussion it will bec clear that,
as regards the dircction of the air flow at the tail, a
low=wing decsign is much morec favorable thah o high-wing
design. l

Moment cguations.~ In conformity with the preccding
discussion and analysis of the forcecs on the vertical tall
surface, the cquations for the contribution of the tail to
dircctional stability and rudder effcectivencss are written
as follows?

acC. 1 aoy

() - a Lo e
aly? ACx, S¢ 1 g

dsr devy Sw bw do

As satisfactory first approximations, the forces have
been assumed to act at the rudder hinge line and the yaw-
ing moment about the aerodynamic center of the wvertical
taill has been neglected,

RUDDER EFFECTIVENESS

Curves of yawing-moment coefficient against rudder
angle for high-speed angles of attack are plotited in fig=

ure 8, which is divided into fouwur parts for clarity. It
may be noted that, although mogt of the tail surfaces .do
not stell in the range of rudder angles below 20°, the
straight parts of the curves scldom extend much beyond
rudder angles of 159, The siope through the origin, dos
ignated tne rudder effectiveness., aC '/dar, has becn
tabulated in the lagt column of table Iz,

Comparison of cxperimental with calctulated values of

dCp'/dbpe~ In order to cstimate the accuracy of the theory
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and the mothods previously outlined, valucs of d0,'/d8,

werc calculated for cach casc by cquoation (5) and compored
with the experimental values. The aerodynamic factors
used in the coalculations are listed in tadle I and arc
here bricefly reviewcd.

The cffective aspeet ratio was found for the single
“tails of all types except IV (seec fig. 2}, by multiplying
the actual aspect ratio by 1.55, For conventioral twin
s S

tails, the effective aspcect ratio was taken %o be the sanc
as the actual aspect ratio. The values of dCHt/dmt wore

found from figure 3 by use of the effective aspect ratios.
The values of T were found from figuro 4. Values of the
cffective dynamic pressure ratio at the tail q/qo vere
assumed to be 0.90 for fthe single tails and 1.00 for the
twin tails. .

The last two columns of table II permit a dirsect com-
parison botween the calculated and the cxperimental ruddoer
effoctivencss. The same comporison is medo graphicelly in
figure 9, in which the cpxerimental valucs arc plotted
against the ealculcoted ones, the solid line roeprescnting
exact agreecment. The agrecoment between the oxperimontal
and the celculated results is, on the averago, as satis-
factory for the models as for the airplanci scale effoe
is apparently negligible.

Discussion and supplementory data.~ The effectivencss
of tho horizontal tail as an end plate is obviously lost
or diminished when it is located above the fusclagoe-vertie
cal tail juncture (type IV of fig. 2). Calculations were
omitted from table II for the four models of this types
instcad, tho procesdure was rcverscd, and the incrsose 1ia
cffcctive aspeoet ratio was calculated from the experimeantal
rudier cffectiveness. The results are shown in the follow=
ing tables

Model 6 10 23 26

Wing position

1 4

Derived factor for cor- .
recting aspect ratio 0.71 0.60 |1.l2 | 1l.56 | 1l.44

The increase is small when the horilzontal tall is ncar the

4

ok
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middle of the vertical tail (models 6 .and 10) and large
when the horizontal tail is near the bottom (models 23
and 26).

Airplones 4 and 6 were tested both with and without
the horizontal tail (table III)., TFor model 4, removal of
the horizontal tail reduced the rudder effectiveness, The
reduction was relatively smnll, however, as if the fusoc-
lage either to a large cextent replaced the horizontal tail
as oan cend plate or clse served to add some area to the
vertical tail. For airplane 6, removal of the horizoantal
tail incrcased the rudder cffectivencsse. The horizontal
tail in thils case did not scerve as an end plate and con-
tributed only unfavorable interfcrence.

Some surveys o0f the air flow in the region of the
vertical toll were available (reference 2) for airplane 6
(fig. 10). Tor the parasol-wing condition (wing position
4, fig. 10(b)), the boundary layer across the root of the
tall was much thicker than for the gull-wing condition
(wing position 1, fig. 10(a)). Correspondingly, the rud-
der effectiveness was 11 percent lower for wing position
4 than for wing position 1 (table IV)., The difference is
possibly associated with the rotation of the vortices shed
from the wing roots because, when a diverging motion is
induced in the boundary layer (fig. 10(b)), it may be ox=-
pected to thicken much more rapidly than when a coaverg-
ing motion is induced (fig. 10(a)).

The offect of propeller operation on rudder cffeoc-
tiveness is shown in table IV for airplane 6 with the
four wing positions. For the high thrust coecfficicnts
shown, the rudder offcctiveness was approximately doubloed
at, low angles of attack and increcased still further with
incrcasing angles of attack. '

The effect of angle of attack on rudder cffectivencss
is shown in figure 11 for necarly all thec models and air=
plances. In & fecw cases, the coffectivencss continuously
decrecascd with increasing angle of attack; for most cascs,
however, it remained nearly constant up to the angle of
stall,

The variation of r»udder coffectivensss with yaw is
shown in figure 12, For single talls, the rudder effec~
tiveness increases with yaw, probably because the fusc-
lage boundary laycr at thce base of the toil dccreascs in
thickness. Ho corrcsponding variation is observed for
twin toils.
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The values of rudder. effectiveness for flaps up and
flaps down n~ro compared in table ¥V, Flap deflection is
scen to have negligible coffect except wherec flap deflec-
tion ianduced stalling.

The given defianitions of spoan, fin arco, and rudder
area scom especially arbitrary when applicd to verticel
tails of type III, and their usc in the calculation of
a0, 1/d8, for %tails of this type would correspondingly op=-
pear to have little theoretical basis. The procedure noy,
however, be considered as Jjustified by the ocgreement bo-
tweon the cnlculated and the experimentnl rosults. Defin-~
i:iig the rudder arcoa so that it includeg only the part aboeve
the horizontal tail led to definitely less satisfactory
cegrecnent, as is shown by the comporisoan in table VI,

The results in table VII show that propeller opera=
tion affects the rudder offectivencss only whon the ver-
tical %ail is situated in the slipstreom. The slipstraoon
increascs the rudder effcctiveoness becauso of the increcsed
velocity of the olr flow over the vertical tall and also
because of the reduced thickness of the fuselnge bourdary
layor. (Cf. fige 7o)

Jato from which the contribution of the vertical tail
to stability could be dircctly evaluated wera cvailable
for oalr eight models. The valuas of an'/dw’ for tuaosec
nodels with the vertical tail both attaclhed and removod
are listed in ftable VIII. The model from roefercnce 9
(fig., 13), which bad no horizontal tail, had been testod
with threc wing positions, two dihedral angles, and with
60«percent-span split flaps both up and down.

Cuorves of yawing-moment ccefficient ngoinst angle of
yow for 23 alrplancs and models arc shown in figure 14,
Most of the curves arc straight up to rclatirely large an-
gles of yow. The value of the slope dC,!/ay! ot Y =
0% is token os the criterion for dircctional stobility.

) The variation of stability with angle of attack is

shown in figure 15, and the effcet of Fflop deflection on
the direcctional stability of conmplete airplancs ic shown
in table IX,
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From tlhe geometric characteristics of the vertical
tail surfaces of table I, their corresponding values of
dGNt/dat were computed. The corresponding contribution,
givén by equation (4), of the vertical tail t6 dCp'/av?,
q/qo being assumed cqual to 0,90 for single tails and
1.00 for twin tanils and sidowash being assuncd absent, 1is
shown in table VIII in the next to the last column. An
increasc in aspect ratio of 55 percent was assumcd in
these colculations for all single vertical tall surfaces
excopt that of reference 9 which was tested without o
horizontal tail and for which an increase in aspect ratio
of only 45 percent wos assuned.

The ratc of change of sidewash angle with angle of
yew, shown in the last column of table VIII, was calcu-
lated from the difference between the experimental and
the calculated values of vortical-tail effectiveness. In
the results of the tests reported in reference 9, which
iwolved a systematic variation of wing height, flap deflec=
tion, and dihedral angle, & good correspondence with the
previous discussion exisits in the following particulars:

(a) Raising the wing increases the average .dG/dW's
decreasing stability.

(b) Deflecting the flap, which strengthens the trail-
ing wvortex sheet, not only decreases (alge~
braically) 4c¢/dyt but also increascs its
variation with wing height.

(c) Dinhedral incrocases do/ay!.

Further evidence concerning the flap effect is found
in table IX, in which it is shown that flap deflection
generally causes a significant increase in stability. Part
of the flap effect, however, probably exists at the wing
itsclf; in thec tests roported in refercnce 8, in which the
vaw characteristics of wings alone werc measured, it was
found that deflceting the flaps increascd the dircctional
stability of the wings themsclves by values botwecn
-0,0001 and -0.0003,

Figure 15 shows that, in general, only slight varia-
tion in stability occurs with angle of attack. The small
observed veriations arc, in most of the cxamples, in such
o dircction as to support the sidewash theory previously
given., The large variations are probably due to various
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interferencos peculiar tc¢ cach design. Thus, the stabilw
ity of the low-~wing airplancs increascs with ocngle of at-
tack and thoe stability of high=wiag airplancs or flying
boats decroases. :

STABILITY OF WING-FUSELAGE COMBINATION

tability of fusclagés and hulls.- Dota on the direcc-
tional stability of fusclages and hulls wore obtained from
results of tests made in the IACA 7- by 10=foot wind tunnel,
at the Washington Wavy Yard, and ot the Russian Central
Aero~Hydrodynamical Institute (referonce 11).

The stability critorion is choson as dcnf‘/dW',
whero an' = Ne'/q (vol), in which ¥e! is the yewing

moment obout tho refercnce axis, chosen at 0.3L from the
nose. Exporimental valucs of dcnf'/dw' for 5 flying-

boat hulls and 12 streamline fuselages arc listed in table
X together with date on the geomotric cheractoristics of
the fusclages and hulls, The flying boat hulls appear to
be less unstable than the fuselagee.

Theoretical valuos of dCp.t/d¥!, as calculated by
ng

the mcthods of refercnce 12, ars also listed in tadble X

for the six fuselages of circular ond elliptical cross
scction. They agrec closcly with experimontal values for
throo of the fusclages but excecd thoe experimental volucs
by about 50 percent for the other threc. It will be noted
that the comparison is not strictly valid, inasmuch as the
experimental values, owing to the existonce of a resultant
croas-wind forca, depend on the position of the rcference
axis., Horrington (roferonce 10) indicotes that this force
is coufinod to the rear lccward surfacc of the yawed body
and is dvc to the breakdown of the boundary layer in work-
ing agoinst an adverse pressurc gradicnt. The recovery of
prossure on the rear leeward side of the fuselage doas not
occur after flow broak-down (reforence 12), which produces
a rosultant side force., The magnitude of the yowing momont
is thoreforc dependent not only on the shape parometors of
the fusclage that affect the pressure distribution dut olso
on all tho othoer variablos that moy affcet the boundary-
layer flow, The yawing moment therefore boecomes o function
of Roynolds number, roughness, interfercace, and othor rTo=
lated foctors,

€

LR
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Fuselage-wing interference.,- In goneral, the sum of
the yawing noments of the wing and the fuselage, testod
separately, does not cqual the yawing moment of the wing-
fuselage combination, Data illustrating this difference
arc given in table ¥I., Valucs of the interfeorence factor,
defined as . -

10y !

————n—

- NS
ac,!
.< Zigi >f i <é:i;‘>w

are listed in the last column of the table. The coeffim
cients are based on wing dimensions.

Ty

For the two flying boats, the fuselage-wing inter-
ference increases the instability. For the fuselages,
particularly for that of reference 9, the interference is
favorable, reducing the instability of the combination. -
The cffect is greater for the low-wing than for the high-
wing combination, the difference being most pronounced for

. the flap-down condition. In the most favorcble case (low

wing, flaps down, zere dihedral) the interforence was suf-
ficient to make the wing-fuselage combination stable,

The prescnce of the wing probably incrcasecs the in-
tensity of the boundary-laycr break-down at the rear lec-
ward side of the fuselage, thereby roducing the instabil-
ity of the fuselage., Flap deflection magnifies this ef-
feet. 7For flaps up, the experiments indicate that dihedral
has no great effect; however, the instability of the fuse-
lage 1s slightly increased.

APPLICATION TO DESIGN

The foregoing data and methods may be applied to the
design of vertical tail surfaces to obtain desired degrees
of static dircectional stabillity and control. Although the
methods are believed cessentlially sound, the inadequacy of
tho data somcwhat limits their usc.

Dircctional stability.~ The directional stadbility of
a proposcd design may be convenicntly considered in two
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parts: that of thoe wing-fuselage combiaation, and that of
the vertical tail:

: G Cy !
(2l (S b ©

The fuselage and the wing arc usually designed without
rafercncc %o dircectional stability, which accordingly de~-
pends on the design of the wvertical tail.

Contribution of wing and fuselage to stability.- The
contribution of the wing and the fuselage may be taken as
the value for tho most ncerly similar wing-fusclagoe combi-
nation of table XI. A somewnoat more accurate procedurc is
to approxinate soparatcely the toerms of the cxpressiontd

d¢ -

The value of Eﬂﬁ*> nay be taken as that for the most

iy
nearly similar fuselage of table X multiplied by the ratio
of the volume divided by the wing area times the wing svan.

!

The value of %%ﬁ—) may be taken as ~0.00901 for all un-

w .
flappved wings, regardless of dihedral, taper ratio, asp=ct
ratio, or sweepback. The interference factor Fi may be

taken to be 1.3 for flving-boat hulls or 0.6 for fuselazes.

Rudder-fixed stability.- For a desired rudder-fixed
gtability, the tail may be designed according to equation
(4), here rewritten:

——— —— T2

o o, ,dcn'> by S
¥ day ayt

in which
dCq ! s e n
<?_7—> is the difforence between the desired
av stability of the sirplane and the
stability of the wing-fuselage con=
bination.

-
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Sws 'y Dy are characteristics of the airplane

a/a, is 0,90 for single tails and 1.00 for
twin tails.

)

jg% is assumecd cqual;td the value for the
v most nearly similar case in table
VIII
dGNt
From the valve of St-ET—— thus calculated, the size and
o % .

shape of the vertical tail are deternined by the use of
figure 2 and various practical considerations of tho type
discussed in refereacc 13. It must be noted, in the usc
of figure 3, that the cffoctive aspeect ratio of the usual
single tall is obtained by multiplying the actual aspoct
ratio by 1l.55.

If wind~tunnel tests of a model have shown unsatisw
factory dircctional characteristice, the procecdure Just
described may be applied, with sonc modifications to the
redesign of the vertical tail. If rosults wverec obtained
for the model with tho t2il both attached ond removed,

s 40,10
Q djz‘> is obtained as the differcnce between the sto-
t
R s q ac
hilitics for the two conditions, and — (1 - = can
a0 av

then be obfeinced directly from cquation (4)., Tho dosign
of thec new toil, to give the desired stability, then pro-
coecds as before, If tail-removed tests have not beecx nado,

do

it becomes necessary to estinate Y
W

by comparison with

a sinilar airplanc in table VIII and then to conpute

aCy! :
'aqﬂ >t .fron cquation (4). Subtracting this value fron

: , - aly!
the oxXperimental valwe oF <~3—7—>
gyt Jy
the toill-renoved condition, and tho tail is then rede-
gigned as before,

ives o value for

Ga

Bubber~free stoebility.- With the ruddor free atv any
angle of yaw, tho rudder floats at the angle for which the
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hinge moment is zero. This angle may bes found by equating
(1) to zero and substituting

: [ 4Cny Té aCy,
I = b+ = | . et el
" G l\ d.o:..;_.' ¢ o
giving

a0y,

u
dat
8p = = G
a0y
t
uwT + v
d.Oiup

%)

The normal«force coefficient then Dbecomes

. : v T A0y
= o
E.'b ch'ﬁ dag K
vT —— v
dat

The yawing moment due to the tail is then

- dCy

¢ = _S_t... _}_ g v 't o
KR
L'U.T d.C(,t v

Pinally, the contribution of the vertical tail to <the
directional stability is

\
(acn' Sy vV a { v &cNt 1 ao
VAW fp T Sy by a0 aCq, dag Ay
uT + v
Gt

This expression is the same as that dsrived for rudder-

v
fixed stability except for the factor [ - - .
‘ dGNt

uT + v

day
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For any svecific ‘design, v&lucs of wu’ and .v arc: taken
from figurcs 5 and 6.

Calculations for an average tail 1rd1catc ‘that the
contribution of the vertical tall, with ruddcr freec, may
be rcducecd to 65 nercent of its va‘ue with rudder fixed.

. This valuc is large ocnough in somce cagscs to make the aire-
- planc directionally unstablec.

Directional control.- & common criterion for direc-
s tional control is the value of dV¥!/d8yp. The rudder arca
corrocsponding to a given value of this ratio may be found
from the equation '

ay! atnt
T = Ly R (7)
- aCnpt Sy v g
day Sy by 4,

The valuc of T is found from eguation (7) and is finally
‘ applicd to the curves of figurc 4 to obtain suitable val-
- "uwes of S,/8; and Sy/Su.

Exanple.~ Model 20 is identical with model 19 excep?
that 1t has a larger vertical tail. It should therefore
be possible to calculate +the stability of model 20 from
that of model 19 and, by a comparison of the calculated
with the experimental value, to obtain an indication of
the accuracy of the methods Jjust presented.

The value of gﬁ% ig estimated, by reference %o
" table VIII, as 0.15, Then by the application of equation
(4), the teil contribution to stability is calculated for

\ model 19:
at,! -
: <-:ﬁ%—> = -0.020 x 220819 , 1.141 4 g5 x 0.90
' d¥? 74 g 0.8952  2.150
= -0.00056
. ac.t
The value of 1L

for the complotc model was ~0.00054;
R ac,

U
- ). . . is
ayl! /opay

the contribution of the wing and fusé}gge , <
then =0,00054 + 0.00056 = 0.00002.
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For the tail contribution of model 20,

4G, ! . R
d&ﬁ ~0.035 x J=1087 . 1.141 . 4 95 % 0.90

0.89562 2.150

%20

-0.00172
t

ac
The calculated value of d.ﬁ for model 20 is thus
. Y

~0.00L72 + 0.00002 = ~0.,00170, in fair agreement with the
experimental valuve of «0,00156.

CONCLUSIONS

The more important of the points mentioned in the
paper are listed here. Since the data were linited and
unsystematic, the conélusions are, to a considerable do~-
greec, tentative.

1. The end-plate offect of the horizontal tail in-
crcescs the effective aspect ratio of a single vertical
tail by about 5O percent.

2. The ratio of dynamic pressure at the tail to froew-
strcam dynanic pressurce is about’ 0.90 for single tails and
about L.00 for twin tails not in large nacecllc wakes.

3. The induccd flow associated with the troiling vor-
x systom of the fuspglage and tho wing is an importont
webor in dircetional stability., The sidewash iz favor-
le for low-wing airplanes and adversc for high-wing aire

4, Flap deflection incrcascs. stability, particuleorly
for low-wing airplanes,

5. Dihedral rcducgs stmbillty particularly for low=-
wing airplancs.

6. Flying=boat hulls are generally sonewhat loss ua-
stable thon fuselages. The flying boats tested, however,
had uafavorable wing-fuscloge iaterfoercnce, generally ro=
quiring more wvertical tail arca than fusclages on alreraft
of conparable size. '

Langley Memorial Acronautical Laboratory,
Haticﬂul Advigsory Comnmittec for Acrosaoutics,
Longley Ficld, Vo., July 3, 1940.
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TABLE I. - GEOVETRIC CHARACTERISTICS OF AIRPLANES AND MODELS

Type of v Sy by i St by Sr Sb Sy S
Model [vertical Ay —_— —_—
tail | (mph) l(sq £5) | (£3) | (££) [(sq £t) | (£t) [ (sq £t) [(sa £%) St S
1 v 59 | 172.00 [ 37,5 | 13.8] 10.100 [3.70] 5.000 | 0.200 | 1.34 |0.42 [0.04
2 IIT 59 | 172,00 | 35,0 | 14.01 11.000 | 3,501 6.200 | 1,500 | 1.11 o586 | &24
3 I 59 | 287,00 | 40,0 | 19,4 2E.500 | 4,10 | 13,500 | 1.700 | 1.2° 53 «13
4 I 5 | 258,00 | 39.0 | 17,0} 30.800 | 6,40} 13,200 | 2.500 | 1.33 43 «19
5 v 59 | 177,00 |29.4 | 16,5 13.500 | 4,00 7.600 «500 | 1.19 #56 | WO7
6 Iv 59 | 338400 | 45.8 | €leb| 374300 | 6430 | G4000 | 24300 | 1e0% § 24 | 26
7 iT 97 11.60 |10.3 | 3.6 840 | 1,10 #3860 +050 | 1.50 « 43 14
8 I 97 18,70 |11.8 ] 4.8 +390 | 1.00 »510 «120 | 1,57 36 | 24
9 I 97 13.00 |11.8 | 3.7 «970 «J0 480 2090 | 1756 | 50 19
10 Iv 97 15,30 {1243 1 445] 14180 |1.20 .350 090 | 1.22 «30 26
11 IIT 80 8.40 7e7 | &40 » 660 79 «380 «110 .24 1 .57 o2
12 I 80 5430 Ge3 | 248 300 | .46 110 030 | 1.4l | &35 27
13 I 80 5,50 1 7.4 2.7 « 490 « 6L 280 010 | 1.55 «53 .05
14 ITI 8C 4460 6.1 1 2.6 260 | 45 130 «005 «79 o9 .04
15 IT 80 7440 8.2 | 3.1 «500 «79 «190 «050 | l.25 «38 | 25
16 IIr 80 10,70 | 7.7 | 440! 1.070 71 «560 « 140 »93 «52 25
i7 v <0 1.11 | 2.8 | 1.3 076 | 31 «037 »008 | 1.30 +50 15
18 v 40 Lo73 | 2.9 1.7 138 | .40 076 +005 | 1.17 55 07
19 III 40 80 | 2.2 1.1 062 «15 029 =006 38 | «46 | .20
20 ITI 40 90 | 2421 1.1 «109 31 053 «009 90 | 48 | 17
21 II1 £0 296 1 2,51 1,1 « 109 31 »053 008 «90 «48 | «17
22 171 40 90 | 251 1.l 071 22 «033 007 #68 | 47 21
23 v 40 90 | 2461 1.3 084 | .24 «031 006 «588 37 19
24 v 40 «60 1 2.1 o9 062 25 =033 007 .97 «53 21
R_E ) 40 1.18 | 2.5 | 1.2 «0S6 | .28 052 «005 1 1a6% | 454 | 09
26 v <40 1.00 | 2.7 | 1.1 095 31 042 «007 | 1.02 o4 | W16
27 IT 4Cc 154 | 3.0 ] 1.3 «159 43 057 201C | 1,09 34 | .18
28 It 40 le34 | 346 | 1a2 «155 59 068 | O 2e21 o4 10
29 v 40 1.38 | 341 ] 1.5 111 «38 061 «Q06 | 1.32 «55 «10
30 II 40 1,02 | 3.0 | l.l 129 49 0865 #0068 | 1,84 | .50 «10
31 1T 40 1.58 | 3.5 | le4 «108 | .44 065 | O 1.80 .60 {0

32 I 40 1.06 | 3.0} 12 134 | 38| ,039 .012 | 1.10 29 31

Teotuyoe] VOVH

9108

-
-

'0.!.'
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TABLE II

COMPARISON OF CATCUTATED AND EXPERIMENTAL RUDDER EFFECTIVENESS

e )
Modsel ffective fﬂ r q d;%-
espect ratlol "go i ddy
*0  loalculated |Exnerimental
1 2.08 0,045 0,580,980 | ~-0,00060 ~-0,00060
2 1,72 040 .84] .90 | - 00077 - 00079
Z 1.29 ,034| ,75(1.,00 | - 00109 - 400096
& 2,06 04| 468] 90 | ~ ,00140 - ,00153
5 1.84 0421 W74 J90 | - L0120 - 00118
6 Wing positiony .
1 {(gull) ———— ] m——— o7 290 | mmmmmenw - 000861
4 (parasol) SUUR [ T2 BT R J—— - 00055
8. 2.32 048] .87 ,90 | - ,00073 | - 00074
8 1057 0058 063 ].OO - 100081 ot .OOOBS
9 1.76 NA0D L76(1.00 | - 00070 -~ 400072
10 smEmstes ] e .55 090 """"""" - 000049
11 1.46 «C38| .87| .80 | ~ J00LO4 - 400098
1z 1,41 035 [0,76{1,00 | - J0O0087 - +C0068
13 1.55 o 02 711100 | ~ ,00085 - 00093
14 1.22 oS B7] 90 | - 00046 - »00048
15 1,24 0437 4661 490 | - 00065 - 400062
16 Le44 036 821 .20 | - ,00138 - o00130
17 2.02 044 73| .90 | - 00089 - 00104
18 1.81 L041| ,76{ 485 | ~ 00128 - o00119
1e © #5898 020 721 490 | ~ .00048 - +00054
20 1.40 L0351 474 .90 | - JO0150 - 00156
21 1.40 035 J73] .90 | ~ 400119 - #00127
22 1.04 0297 74| 490 | - ,00070 - +00078
23 | ——— Bl 90 | =~ - «00075
24 1.50 W0371 81| .90 | - 00128 - #0128
25 254 0801 751 #9890 | -~ 400113 - ,00114
26 ———— e b 28] 490 |~ - (0088
27 1.69 o020 J58| .90 | - L,00101 - +00108
28 3o oCB8| #61] 490 | ~ 400127 ~ ¢00144
29 2405 o044 75| 490 | - 400112 } =~ .OO0Ll6
30 1.84 0041 070 '90 - 000118 - 000119
31 2679 053] 475] 90 | - ,00101 ~ +00103
32 le71 B6) W90 | - ,00028 - +00109

8gorizontal-tall spans 2.58 and 3,11 £t werc tested.
PFrom 0.66 X 1.15, for sealed gape
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TADTE ITT
EFFECT OF HORIZONTAL TAIL 0N RUDDER EFFECTIVENESS
ac,!
Model a Te iy Reduction
(deg)| (a) (percent)
Horizontal tail{Horizontzl tail
on off
4 Le3 | ~mmm ~0,00153 -0,00147 4
" e8| mean -~ 00152 -~ 00145 5
1248 | ~wmm - 00151 - 00143 5
6 Wing position:
1 (gull) -1 e - +00081.. - 00064 -5
4 —— - 00081 - -~ 400085 -7
9 R - 00082 -~ 400065 -5
14 e - 00084 - 400065 -2
-1 0.56 -~ ,00130* - 00138 -6
4 56 - 00135 ~ 00147 =9
9 58 - 00142 - 00153 -8
14 «56 - (00151 -~ L0016l -7
4 (parasol) -1 e - 00055 - ,00061 -11
4 ——— - 00085 - 00062 -13
9 s v s e - 000058 - 000063 "9
14 ——— - 400088 - 00064 ~10
-1 »55 - o00112 - 00119 -6
4 +B85 - 400121 - 00127 )
9 155 el 000128 - 000137 "'7
14 55 - 400137 - 400149 -9

aMissing valucs indicate that propellor was removed.
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TABLE IV

CT OF WING POSITION OW RUDDER EFFPECTIVENESS

AIRPLANE 6

aCn'!
Wing Te a6z
position | (a) o (deg)
-1 4 9 14
1 (guil) | ====| =0.00081 | -0,00081 | ~0.00062 | =0.,000864
2 mmw— | - ,00059 | - ,00060 | ~ ,00061 | - 00061
3 mm- | - ,00057 | - .00058 | - ,00087 | -~ .00058
4. m—ww= | - ,00055 - .00055 | -~ ,00058 | - 00058
1 (gull) | 0.56 | - .00130| - ,00135}| - .00142 | - .00151
2 55| - ,00118}{ - .00125 | - .00133 | - 00141
3 .54 | - .00119| - ,00127 { - .00133 | - .00141
4 .55 -~ ,00112]| - .00121 § -~ .06128 - 00137
8Missing values indicate that propeller was removed.
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TARLE V
BFFECT OF PLAPS ON RUDDER EZFFECTIVENESS
dGn'
Model o (deg) dbp
Flaps up | Flaps down | Flaps up | Flaps down

1 -0.9 ~1l.5 ~-0.,00060 -0,000860
8.3 7.7 - ,00080 - 00059
8.8 8.9 -~ ,00060 - L,00050
2 8.5 12.7 - .D0079 - ,00052
i7.9 - - 00052 ] ~mmmm——
ll.o lla5 - 100150 - 000128
22 10.5 10.38 - 00078 - 00078
23 10.0 10.3 - 00075 - 00075
16.9 15.1 - +00080 - ,0G0025
24 9.9 10.9 - 00129 - 400129
- 14,8 ] semem—eee - (0043
26 11.1 8.5 - ,00085 - 00085
29 11.8 10.9 - L00116 - oC0113
3 2.7 14.8 - 400096 - 00096
15 ~1l.8 6.4 - J0C0862 - 00059
27 Q 12.4 - ,00108 -~ o001lG8
31 -7 5'2 - -00103 e .00103
32 l.1 9.8 -~ 00109 - ,00095
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TABLE VI
COMPARISON OF RUDDER ZFFECTIVENESS BASED ON
TWO0 METHODS OF DEFINING RUDDER AREA

TYPE III TAILS

(dcnt> (dcn’\
Model x| anove 8 r ) total
an') ldGn') .
a8y exp {48y 0Xp
2 0.90 5,98
11 .95 1.06
14 .78 .94
19 .63 .89
20 79 96
21 +78 94
B2 67 .90
24 » 84 299

28
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TABLE VII

FECT OF PROPELLER OPSRATION ON RUDDER EFFECTIVEILSS

=

B

Model ! o Te dCy?
(deg) (dcg) (a) A8
1 0 8.8 e -0.,00080
0 8.8 by, 36 - ,000860
5 8.8 S - .00061
5 3.8 b, 36 - .00060
10 8.8 ———— - 00064
10 8.8 b,.36 -~ ,00069
2 0 - 7 ————— - ,00079
0 -7 . 58 - ,00078
0 845 e - .00079
0 8.% .64 - ,00079
0 17.9 ———— - ,00052
0 15,7 CL,71 - ,00054
3 0 14.8 ———— - 00098
0 1%.9 .28 - ,00120
4 0 1.3 e - ,00153
0 1.3 .05 ~ ,00159
0 7.8 - - ,00153
0 7.7 .26 - ,0024%
0 12.7 - - ,00151
0 12.4 .59 - 00307
6 Wing position:
1 (gull) 0 ~1 ~=== | = ,0006L
0 -l .E6 - 00130
0 4 S -~ 000681
0 4 .56 - 00135
0 g ———— - ,00062.
0 9 .56 - ,00142-
0 14 T -~ .00064.
0 14 .58 - 001517
4 (parasol) 0 -1 -t e ~ ,00055
0 -1 - BF - .00112
0 4 N ~ .00055
0 4 .55 - 00121
0 9 ——— - 00058
0 9 .55 - ,00128
0 14 | e——— - ,00058
0 14 .55 - ,00137

ot

aMlS ing values 1“dlcate et propeller was removed.
bRig ght~hand propellers only operating.
CSlng1e~enb1ne operation, left propeller only operatiang.
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TABIZ VIII.- DIRECTIONAL STABILITY AND ESTIMATION OF SIDEWASH

dGn‘/d\y'
Wing Complete | Effect of] Calculated
Dihe~ position| model vertical | effect of |Estimated
iodel a 8¢ aral (relative Complete| jesg tail vertical do
& to model |yertical tail ayt
(deg)| (deg)| (deg) {fuselage) tail do__
_ | Go)
1 -1.0 0| 5.3 | Middle |-0.00092{~0,00C03{ ~0,0008¢ | -0.C0088 -0.01
7 5.0 0} 3.0 High ~ ,000861 .,00030| - 00116 | - .00108 <« ¢07
8 - 3 0] 3.5 Low ~ »00074f L000038} - ,00077 | - 00128 «40
11 0 0 2.7 Low ~ 000751 00007 - 00082 | - .CO12C #32
122 ~do0 01 3.0 High - »00013] ,00048| - 00061 | - .CO089 31
.13 23 0} 3.0 High ~ »00014| .00085| - 400029 | ~ 00120 .18
to27 2e2 0} 2.4 Low - »00150] .00028] - .00175 | ~ .OO175 0
Trom Fuselagel Fuselage
reference + wing + +
9 vertical] wing
tail :
‘b of O High - 00080 00035 - 00115 | -~ ,00199 42
N5 0} O Middle |- 00107 .00C41} - .,00148 | - ,0C189 0236
5 0 0 Low ~ 00152 .00030| - 00182 | -~ .0O0199 .09
o 601 O Hizh - 200120} L,0003C! -~ .00150 | - .00199 «25
' 0 60| O Middle | - -00150| LCOO0R0| - .OOL70 | - .00199 .15
6] 601 O Low - ,00267]~ .00010| ~ 00257 | - .00199 ~ 29
5 0} 5 High - .00038] .0C037} - 00075 | - .00199 + €2
5 G| 5 Migdle | - .00C93f .00041) - 00134 | - .C0199 33
5 0| 56 Low - ,00123] .00035| - 00158 | - .00199 .21
0] 60| 5 High - J00070] .00040{ - 00110 | - .0O0199 45
0 60| 5 Middle | - .00120f .00030| - 00150} - .00199 025
0 60| 5 Low - .00180] ,00010| - .00200 | - .0019% - W01

3Blisters and cockpit enclosurc removed.
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EFFECT OF FLAPS O DIRECTIONAL STABILITY OF COMPLETE AIRPLANE
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TABLE IX

e

31

lo? d0y!
Model (dog) a !

Flaps up FPlaps down Flaps up Plaps down

l "1.0 e e -0.00092 ““““ hnd
a10,1 ag,8 - ,00124 -0,0014%

7 8'|" 8.5 hanad .00075 Al 100069
8 9,5 8,0 - 00045 - ,00093
12 -4,1 8.z.9 ~ .00022 - .00028
2.2 82,4 - ,00028 - 00025

8.4 ag,n7 - .,00038 -~ ,00015

13 2.3 Ao, 3 - 00014 - ,00023
ba,z a,bg, 3 - .00025 - .00020

15 -1,8 85,4 - ,00096 - ,00118
22 10.5 10.8 -~ ,00095 - 00100
23 10.0 10.3 - ,00071 - ,00114
1609 15.1 - 000071 bt .OOOGO

25 10,9 9.5 - ,00118 - ,00174
26 11.1 8.5 - .00119 - ,00133
27 0 12,4 - .00137 - .00182
29 12.5 10.9 - 00121 - ,00145
31 o7 25,2 - ,00109 - ,00120

8Landing geor extended.
"

bEmponnage raiscd 1=

8

in.
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TABLE X
FUSELAGE AND HULL CHARACTERISTICS . _
- Ch / =4
Pro- 701 dc!;'
Refer-| V L 3:‘{3:‘1 Volume | 20¥r' !
Wodel ence |(mph) | (£t) | gres |(ou f8)| ‘&Y'  |Experi-|Ccalcu-
sq ft) mental |lated
O < 7| 11 | 4 |1.957/0.439 |0.0883 |0.0034 | 0.038| 0.035
O C———= 11 40 |1.759| .413 | .0786 | .0083 | .081| ===
O {L—= 11 40 |1.834| .425 | .0768 | .0084 | .033| -—
O C—— 11 | 40 |1.840| .409 | .0851 | .0073 | .031| .034
O " 11 40 |1.513| .282 | .0430 | .0032 | .024| .035
OB —— 11 40 |1.590| .516 | .0534 | .0086 | .033| .08,
O I — 11 | 40 |1.908| .453 | .0966 | .0048 | .025 ---!
O C—= 1 40 |1.793| .446 | .0946 | .0043 | .038 --!
|
O N < 1 40 |1.870| .533 | .0824 | .0084 | .038| e
i
O C T —— 11 | 78 |3.373(1.468 | .3780| .0078 | .027| ==-'
|
0 o __— 11 78 | 2.635 .832 | .1870| .0107 | .018] === !
o S«S— 11 78 | 3.953 .781 | ,3330 | .0094 | .018| =--
o <— 1 78 | 3.805 .474 | .1380 | .0095 0 B E—
8 & _— |Fmom 80 | 4.010|3.000 [1.0700 | .0208 | .033| =--
unpub-
lished
results
@ < |of7-by 80 |4.0802.285| .7500 | .0094 | .015| ==
10~-foot
wind
O " |tunnel 80 | 4.430{2,180 | .8750 | .0048 ,018(0.037
O C T 9 80 | 3.360|1.474 | .6100| .0044 | .019| .027
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TABIE XI. ~ FUSELACE-WING INTERFERENGE

dCpt/ap!
Fuselage-wing
Model o 6fla.p Dihedral Wing Puselage] Wing Sum |Fuselage| interference
(dez) | (deg) (deg) | positicn|or mmull | alone or factor
alone holl + 7y
wing
12 i -0 3 High 0.00050 {-0.00005 | 0,00045 | 0,00047 1.04
11 0 3 - do —~ 000501~ .00008] .00042! .00032 76
13 2 0 3 - 4o - .00068{- .00004} .000864} .00085 133
14 3 0 4,8 — 4o -- «00050{~ .00007| .00043{ .00100 298
11 0 4.8 ~- do — 00087}~ .00015} .00072| .00100 1.39
From
reference
9 5 0 0 -~ do -- .000601 O .00080] 00035 58
5 0 0 Middle .00060} O .00060] .00041 «68
5 0 0 Tow .00060{ O -00060] 00030 50
0 60 0 High 000601~ .00010| .00050} .00030 « 6L
0 60 0 Middle .00060]- .00010{ .00050| .0D0020 .40
0 60 0 TLow .00060{~ .00010| 00050} 00010 ~ «20
5 0 5 High 00060} O 000601 .CO037 .62
5 0 5 Middle .00060{ O .00060| .00041 « 68
5 0 5 Low .00060] © .CO0EN| 00035 " 58
0 60 5 High 00060~ .00020f .00040} .C0040 1.00
0 60 5 Hiddle 00060~ 4000201 00040} .0C030 75
0 60 5 Tow .OOO&) - «00020 00040 000010 -25

G44 °ON 0230 TWOTUY2OL YOVH
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MODEL I MODEL 2

L

A{RPLANE 3 AIRPLANE ¢

Figure 1(a) .- Geometric characteristics of airplanes
and models. _
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AIRPLANE & AIRPLANE 6

L
% ——>

MODEL 7

MODEL g
7Rp

Flgure 1(b), « Geometric chargeteristics of alrplanes
and models,
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MODEL 9 MODEL IO
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MODEL I MODEL 12
405y

Figure 1(c). - Geometric characteristics of ai
and models, Tplanes
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MODEL 14

MODEL 16

AVéss

MODEL I8

Figure 1(a). - geometric charecteristics of sirplanes
and modelse
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MQOEL 17 MODEL 8

Fig. le

L\

=

MODEL 18

MODEL 20

Figure 1l(e}. -~ Geometric characteristics of sirplanes
end models,
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o |
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MODEL 2I MODEL 22

0 '.
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%%

MODEL 23 MODEL 2445355

Tigure 1(f). - Geometric characteristics of alrplanes
and models.
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MODEL 28 MODEL 26

S

MODEL 27

MODEL 28

/’m
Figure 1l(g). = Geometric characteristics of airplanes
and models,
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MODEL 29 MODEL 30

MODEL 3I

MODEL 32
5%

Figure 1(h). - Geametric characteristics of airplanes
and models, -
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I

Fig. 2

4

]
III

£

Center line of
the horizontal

11

tail.

IV

Figure 2.- The five types of
vertical tail.
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Pigure 4.~ Variation of relative rudder effectivensss with Sr/st and Sb/sr
(from Fig.1l9 of reference 2).
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Ratio of rudder area to tail area,Sr/St
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Figure 5.~ Variation of the hinge-moment parameter u with g—r and g—b- .
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Tigure 7.- Dynamic~pressure ratios (a/a,) in front of vertical tail of airplane 4.
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Yawing-moment coefficient, Cp’
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Figure 8.- Variation of yawing-moment coefficient with rudder deflection,
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(a) Wing position 1 (gull);a , 3.9°;
propeller removed.

2
| SRR Distance from center line, ft

0 10 20
Deviation, deg
Scale of vectors

(b) Wing position 4 (parasol); o , 4.2°;
propeller removed.

Figure 10.- Dynamic-pressure ratios (q/qo) and downwash angles in plane of elevator hinge line of

airplane 6.
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Angle of yaw,V',deg
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Figure 12.~ Variation of rudder effectiveness with angle of yaw.
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Yawing-moment coefficient, C, '
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14.- Directional stability. Yawing-moment coefficient agaimst angle of yaw.



—

NACA Technical Note No. 775 Fig. 15
le of attack, «,d
54 0 8 8 12°€ 8 20 l 24
P A T Hodel___
L o 14
I o 13
-.ooozK R
a 19
P v 83 __|
\J ° 8
o 1l
™~ w23 __|
°.0004 g 7
2 A 26
/ - 39 __J
4 25
N A 21
R i ]_7
-, 0006 4 38 —
/ \\ v 20
= ~
L~ N
LA \ L
- /|
- ,0008
] X
: /
/ \t / \
“-0010 / A
ac,’ \\
d* [ V—
-.0013 - ; ——
: 7 \
T/ \
-.0014 \ s//"
L~
"~/ A1\
-.0016 /
4
-.0018 &
-, 0020
4
«.0032

Figure 15.- Variation with angle of atiack of rate of change of yawing-moment
coefficient with yaw. Curves for airplanes that have poor directional
stability are included; therefore,this figure cannot be used for design criterioms.



